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(54) SAW RLTER, ANTENNA SHARING DEVICE USING THE SAME, AND MOBILE 
COMMUNICATION TERMINAL USING THE SAME 

(57) A SAW fflter, an antenna sharing device using 
the same, and a mobile communication terminal using 
the same, the power-resistance of which is high and the 
isolation of which between transmission and reception 
is ensured. "The filter is a ladder SAW fitter comprising 
alternately series arms each having at least one SAW 
resonator connected in series to a signal path and par- 
allel arms each having at least one SAW resonator con- 
nected between the signal path and the grouid. The 
size of the wiring patterns of the parallel arms is smaller 
than that of the series arms. Even when the filter is used 
as a seried arm input type, the inductance component 
of the parallel arm wiring pattern can be small, and 
therefore the reflectance in the blocking band is large. 
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Description 
Technical Field 



[0001] The present invention relates to a Surface Acoustic Wave (hereinafter called SAW) filter used in a mobile 
phone or the like, an antenna duplexer using the same, and a mobile communication terminal using the same. 



Prior Art 

io [0002] Generally, the SAW filter used in the radio frequency range of a mobile phone is composed of a ladder-type 
circuit to realize a band-pass filter of small size and high selectivity. Hitherto, this kinds of ladder-type SAW filter was 
constituted as shown in Fig. 17 as disclosed in Japanese Laid-open Patent No. 9-102728. 

[0003] That is, serial-branch SAW resonators 12-1 to 12-4 are arranged at the left side in the drawing on a piezoe- 
lectric substrate 13, and are connected by seriaUwanch wiring patterns 16-1 to 16-3. On the other hand, parallel-branch 
is SAW resonators 12-5 to 12-7 are connected to the serial-branch wiring patterns 16-1 to 16-3 by parallel-branch wirina 
patterns 16-4 to 16HS. _ _ ~ 

[0004] Inthisconstitotton.ase^^ is formed. This SAW filter 1 1 has a circuit con- 

figuration in which the input electrode 16-8 side starts from the serial-branch SAW resonator 12-1. Hereinafter, such cir- 
cuit configuration is called the serial-branch input type. By contrast, the circuit configuration in which the irput side 
20 starts from the parallel-branch SAW resonator is called the parallel-branch input type. 

[0005] The conventional ladder-type SAW filter 1 1 tends to be less in increase of reflection coefficient at the input 
electrode 16-8 even outside of the pass band. 

[0006] Fig. 18 is a polar coordinate chart of reflection coefficient as seen from the input electrode 1 6-8 of a receiv- 
ing filter ag. a receiving filter for Advanced Mobile Phone Service (hereinafter called AMPS) which is a mobile phone 
system in the United States. The receiving band, that is, the pass-band is 869 MHz to 894 MHz (marker M1 to M2). and 
the transmitting band to be rejected at the receiving input terminal is 824 MHz to 849 MHz (marker M3 to M4). 
[0007] As known from Rg. 18, at the upper end M4 of the t^^ 

0.8 is obtained. The cause is the inductive components of the parallel-branch wiring patterns 164 to 16-6 as explained 
in detail later in the embodiment. In the case of serial-branch input type, in particular, since the SAW resonators 12-1 
to 12-7 are arranged as shown in Fig. 17 for the convenience of constitution, the parallel-branch wiring pattern is 
extended in length, and this tendency appears obviously. 

[0008] The use of this ladder-type SAW filter 1 1 in an antenna duplexer is explained below. The antenna duplexer 
is a branching fffter comprising a transmitting terminal, an antenna terminal, and a receiving terminal, and a transmitting 
filter is placed between the transmitting terminal and the antenna terminal, and a receiving filter is placed between the 
antenna terminal and the receiving terminal. 

[0009] Moreover, phase shifters are provided between the antenna terminal and transmitting fitter, and between the 
antenna terminal and receiving fiter. in order to heighten the impedance as seen from the antenna terminal in the rejec- 
tion band, and thereby suppressing leak of a receiving signal toward the transmitting terminal and a transmitting signal 
to toward the receiving terminal, respectively (that is, isolation is assured). 

[001 0] In this constitution, the transmitting signal entering from the transmitting terminal is output to the antenna ter- 
minal without leaking to the receiving terminal. Likewise, tte ^ 
into the receiving terminal without leaking to the transmitting terminal. 

[001 1 ] Generally, as the transmitting filter, a band-rejection filter is used because it is enough to reject only the 
receiving band, while a band-pass filter is used for the receiving f iter because it is required to reject not only the trans- 
milting frequency, but also the neighborhood band of local oscillator frequency and image frequency of the receiving 

[0012] Therefore, the ladder-type SAW filter of small size and high selectivity has optimum features as the receiving 
filter. However, when the SAW filter is used as the receiving f flter, an electric power of about one watt is applied to the 
transmitting band which is the rejection band allocated in the lower outside of receiving band, and therefore a corre- 
sponding withstanding power is needed. As mentioned in detail below in the embodiment, when the circuit is composed 
in the serial-branch input type, the withstanding power to the transmitting power is enhanced, and problems are practi- 
cally solved. 

[0013] However, when the conventional SAW fitter 1 1 is used as the receiving filter for the antenna duplexer since 
the reflection coefficient is small at the transmitting frequency to be rejected, the impedance when seeing the receiving 
filter from the antenna terminal through the phase shifter is not sufficiently high, and the isolation between transmitting 
terminal and receiving terminal may not be assured. 
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Disclosure of the Invention 

[0014] The invention is intended to solve the above problems, and it is hence an object thereof to realize not only a 
SAW filter capable of obtaining a high reflection coefficient in rejection band even in the case of the serial-branch input 
type with high withstanding power, but also a SAW filter capable of obtaining a high withstanding power characteristic 
against the transmitting power and assuring a sufficient isolation between the transmitting terminal and receiving termi- 
nal when used as the receiving filter for antenna duplexer,, and the object also includes to realize an antenna dupiexer 
using the and a mobile communication terminal using the same. 

[0015] To solve the problems, the invention presents a ladder-type SAW fitter composed by connecting alternately 
a serial branch having at least one SAW resonator connected in series to a signal path, and a parallel branch having at 
least one SAW resonator connected between the signal path and the ground, in which the sizes of wiring patterns of 
the parallel branch are smaller than wiring patterns of the serial branch. 

[001 6] According to this constitution, even in the case of serial-branch input type, the inductive components of the 
parallel-branch wiring patterns are small, and hence a large reflection coefficient is obtained in the rejection band, 
thereby realizing a SAW filter with a high withstanding power characteristics and assuring a sufficient isolation between 
the transmitting terminal and receiving terminal, and also an antenna duplexer using the same and a mobile communi- 
cation terminal using the same. 

Brief Description of the Drawings 

[0017] 

Rg. 1 is a structural diagram showing a constitution of a SAW filter in a first embodiment of the invention. 

Fig. 2 is a circuit diagram showing the constitution of the SAW filter. 

Fig. 3 is a frequency characteristic diagram of pass-band of the SAW fitter. 

Fig. 4 is a polar coordinate chart showing behavior of reflection coefficient at the input terminal of the SAW filter. 
Fig. 5 (a) is a circuit diagram showing a two-element L-circuit, and (b) is a circuit diagram showing an equivalent 
circuit in the rejection band in the lower outside of receiving band. 

Fig. 6 is a polar coordinate chart showing behavior of reflection coefficient at the input terminal of the L-circuit 
Fig. 7 is a block cfagram showing an antenna duplexer using the SAW fitter. 

Fig. 8 is a polar coordinate chart showing behavior of reflection coefficient at the receiving terminal of the SAW fil- 
ter. 

Fig. 9 is a structural diagram showing a constitution of a SAW filter in a second embodiment of the invention. 
Fig. 10 is a structural diagram showing a constitution of other SAW filter of the emboalment 
Fig. 1 1 is a structural diagram showing a constitution of a different SAW fitter of the embodiment 
Fig. 12 is a structural diagram showing a constitution of a SAW filter in a comparative example of the embodiment. 
Fig. 1 3 is a structural diagram showing a constitution of a SAW fitter in other comparative example of the embodi- 
ment 

Fig. 1 4 is a structural diagram showing a constitution of a SAW filter in a third embodiment of the invention. 

Fig. 15 is a structural diagram showing a SAW titer in a comparative example of the embodiment 

Fig. 16 is a magnified view of bend transformation in the embodiment 

Fig. 1 7 is a structural diagram shewing a constitution of a SAW titer in a prior art 

Fig. 1 8 is a polar coordinate chart showing behavior of reflection coefficient at the input terminal of the SAW filter. 
Detailed Description of Preferred Embodiments 

[0018] The SAW filter of the invention is a ladder-type SAW fflter composed by connecting alternately a serial 
branch having at least one SAW resonator connected in series to a signal path, and a parallel branch having at least 
one SAW resonator connected between the signal path and the ground, and by setting the sizes of wiring patterns of 
the parallel branch smaller than wiring patterns of the serial branch, even in the case of serial-branch input type, the 
inductive components of the parallel-branch wiring patterns are small, and a large reflection coefficient is obtained in 
the rejection band, thereby realizing a SAW fitter with a high withstanding power characteristics when used in the 
antenna duplexer, and assuring a sufficient isolation between the transmitting terminal and receiving terminal. 
[001 9] Preferably, the wiring pattern of the parallel branch is linear, and the wiring pattern of the serial branch is 
bent at the connection point with the wiring pattern of the parallel branch, and therefore the SAW filter can be placed on 
the piezoelectric substrate with decreased vacant areas, and a small-sized fitter is obtained. 
[0020] Preferably, the serial-branch SAW resonators and parallel-branch SAW resonators are arranged alternately 
at one side on the piezoelectric substrate, and the parallel-branch SAW resonators and serial-branch SAW resonators 
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are arranged alternately at other side, and by zigzag configuration so that the serial-branch wiring patterns and these 
serial-branch SAW resonators are connected sequentially, the ladder-type SAW filter circuit can be placed on the pie- 
zoelectric substrate with decreased vacant areas, so that a small-sized f ater is realized. 

[0021 ] Preferably, by constituting so that the input terminal side may start from the serial branch, the serial-branch 

5 resonator of the first stage functions as a capacrtive impedance component and a part of the input power is reflected 
by this, and damage of electrodes does not occur, so that a stable characteristic may be maintained. 
[0022] Preferably, by composing the input side first stage of serial-branch SAW resonators, forming the number of 
SAW resonators in the serial branch of the input side first stage in plural stages, the rf voltage applied to the serial 
branches of the input side first stage can be distributed into plural SAW resonators and reduced, and thereby suppress- 

10 ing generation of cfi scharge. so that a stable withstanding power characteristic is realized even in high rf power. 

[0023] Preferably, by composing the input side first stage of serial-branch SAW resonators, and forming the number 
of SAW resonators in the serial branch connected to the SAW resonators disposed at the closest position to the input 
side of the parallel-branch SAW resonator in plural stages, if a high power is applied, a high rf power is applied near the 
resonating point of the parallel-branch SAW resonator closest to the input electrode connected to the resonator of the 

is serial branch of the first stage, and thereby suppressing discharge at the SAW resonator of the serial-branch connected 
with the SAW resonator of the parallel branch connected thereto by the pyroelectric charge generated by heat genera- 
tion in the area, and therefore a stable withstanding power characteristic is realized even in high rf power. 
[0024] Preferably, by composing the input side first stage of serial-branch SAW resonators, and connecting the sig- 
nal path linking the parallel-branch SAW resonators disposed at the position closest to the input side and the serial - 

20 branch SAW resonators to the ground with high impedance, without allowing leak of rf signal, when a high power is 
applied, the pyroelectric charge generated at the parallel -branch SAW resonator closest to the input electrode con- 
nected to the serial-branch resonator of the first stage can be released to the ground, thereby suppressing discharge 
generated in the serial-branch SAW resonators connected to the parallel-branch SAW resonators, so that a stable with- 
standing power characteristic is realized even in higji rf power. 

25 [0025] Preferably, by applying a bend transformation to the wiring pattern of the aforesaid SAW f flter, the reflection 
in the wiring patterns is reduced, and a stable withstanding power characteristic is obtained in high rf power, and a filter 
with lew insertion loss is realized. 

[0026] Preferably, by composing the antenna duplexer by placing the aforesaid SAW filter between the antenna ter- 
minal and receiving terminal, the antenna duplexer heightened in the withstanding power and sufficiently assured in the 

30 isolation between transmitting the terminal and receiving terminal can be realized in a small size. 

[0027] Preferably, by disposing a high-pass fitter type phase filter between the antenna terminal and receiving filter 
and composing the antenna duplexer, in the case of serial-branch input type, the input impedance in the transmitting 
band to be rejected may be capacrtive, but in this constitution the phase of the impedance seeing the receiving filter 
from the antenna terminal can be rotated toward the direction of leading phase, and the number of elements of the 

35 phase shifter may be minimized, so that a small-sized antenna duplexer can be realized. 

[0028] Preferably, by composing the phase shifter in a n -circuit of series capacitance and shunt inductance, the 
number of component of the phase shifter may be minimized, and a small-sized antenna duplexer may be realized. 
[0029] Preferably, by composing the phase shifter in a T-circuit of series capacitance and shunt inductance, the 
number of component of the phase shifter may be minimized, and a small-sized antenna duplexer may be realized. 

40 [0030] Preferably, by using the aforesaid antenna duplexer in the antenna duplexer portion of the mobile communi- 
cation apparatus terminal in which a large-sized dielectric-loaded coaxial resonator was used hitherto due to the prob- 
lem of the withstanding power characteristics, the mobile terminal can be reduced in size and weight 

(Exemplary Embodiment 1) 

45 

[0031] A first embodiment of the invention is described below while referring to the drawings. Fig. 1 is a structural 
diagram showing a SAW fitter of the embodiment. In Fig. 1, reference numeral 1 is a piezoelectric substrate, 2 is an 
input terminal, 3 is an output terminal, 4a to 4c are first to third serial-branch SAW resonators, 5a to 5c are first to third 
parallel-branch SAW resonators, 6a to 6c are first to third serial-branch wiring patterns, and 7a to 7c are first to third 
so parallel-branch wiring patterns. 

[0032] The piezoelectric substrate 1 is a lithium tantalate substrate in 36° Ycut and all SAW resonators and wiring 
patterns are formed of alloyed electrodes of aluminum and 1 wt.% copper. In the constitution in Fig. 1. the six-element 
ladder-type SAW fitter circuit in Fig. 2 is formed. 

[0033] The invention is not limited to the materials of this embodiment atone, but the piezoelectric substrate 21 may 
55 be made of a 39° Y-cut lithium tantalate substrate, or the electrodes may be formed by alternately accumulating titanium 
and aluminum in order to enhance the withstanding power characteristics, or formed by alternately accumulating tita- 
nium and Al-Cu alloy or formed by alternately accumulating titanium and Al-Sc-Cu alloy, and the same effects as in the 
embodiment are obtained. 
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[0034] In the diagrams, the circuit configuration of this SAW fitter is a serial-branch input type starting from a first 
serial-branch SAW resonator 4a at the side of input terminal 2. According to the layout of the SAW resonators, the first 
serial-branch SAW resonator 4a, second parallel-branch SAW resonator 5b, and third serial-branch SAW resonator 4c 
are arranged at the upper side in the drawing of the piezoelectric substrate 1 , and similarly first parallel-branch SAW 
5 resonator 5a, second serial-branch SAW resonator 4b, and third parallel-branch SAW resonator 5c are arranged at the 
lower side. First to third serial-branch wiring patterns 6a to 6c are arranged zigzag to connect the first to third serial- 
branch SAW resonators 4a to 4c sequentially, and are bent at the connection points with first to third parallel-branch 
wiring patterns 7a to 7c. 

[0035] As a result of this constitution, the first to third parallel-branch wiring patterns 7a to 7c are linear, and their 
10 lengths are shorter than the lengths of the first to third serial-branch wiring patterns 6a to 6c, respectively. Moreover, 
the first to third serial-branch SAW resonators 4a to 4c and first to third parallel-branch SAW resonators 5a to 5c are 
placed on the piezoelectric substrate 1 with decreased vacant areas, and therefore the size of the piezoelectric sub- 
strate 1 is 1 .6 x 2.2 mm, same as in the case of the constitution of the prior art 

[0036] The characteristics of the SAW filter having such constitution are described below. Fig. 3 is a frequency 
is characteristic diagram of pass-band of this SAW filter, and Fig. 4 is a polar coordinate chart showing the reflection coef- 
ficient at the input terminal 2 of the same. As shown in Fig. 3, this filter is a band-pass filter having a pass-band in a 
range from 869 MHz to 894 MHz (marker M1 to M2), which corresponds to the receiving filter of the AMPS of the United 
States mobile telephone system. The transmitting band to be rejected at receiving input terminal is from 824 MHz to 
849 MHz (marker M3 to M4) which are allocated in the lower outside of receiving band, and the attenuation in this band 
20 is assured to be 40 dB or more. 

[0037] The polar coordinate chart in Fig. 4 is plotting of reflection coefficient at the input terminal 2, and the distance 
from the center denotes the magnitude of the reflection, and the angle represents the phase of the reflection. As shown 
in Fig. 4, from marker M1 to M2 in the receiving band, a pass-band is formed as being matched at the reflection coeffi- 
cient of 0.3 or less. The reflection coefficient in the rejection band (marker M3 to M4) in the lower outside of receiving 
25 band is a reflection coefficient of 0.9 or more. This is an improvement of more than 1 0% as compared with the reflection 
coefficient of the conventional SAW filter (See Rg. 1 8). 

[0038] The reflection coefficient of this transmitting band is cfiscussed below. To simplify the circuit, a two-element 
L-circuit is assumed as shown in Rg. 5. The six-element ladder-type circuit in Fig. 2 may be regarded to be a set of L- 
drcurts, and therefore the behavior of the reflection coefficient may be regarded to be same. As shown in Fig. 5 (a), in 
30 this L-circuit, a serial-branch SAW resonator 9 is connected at the side of input terminal 8, and a parallel-branch SAW 
resonator 1 1 is connected to its output side through a parallel-branch wiring pattern 1 0. with one end being rounded. At 
the output terminal 12, a load impedance R1 matched with the impedance of the signal source is connected. An equiv- 
alent circuit of this L-circuit in the rejection band in the lower outside of receiving band (marker M4 in Fig. 4) is as shown 
in Rg. 5(b). 

35 [0039] That is, the serial-branch SAW resonator 9 is a capacrtive impedance component in the lower outside of 
receiving band, and is hence equivalently expressed as a capacitor Cs, and the parallel-branch wiring pattern 10 is 
inductive, and is hence equivalently expressed as inductor Lp. Further, since the parallel-branch SAW resonator 11 is 
in series-resonating slate, and is hence short-circuited, and the inductor Lp is rounded directly. This behavior of reflec- 
tion coefficient of the L-circuit is shown in Fig. 6. 

40 [0040] The reflection coefficient at central point O on the polar coordinate chart at the output terminal 12 rotates 
counterclockwise on an equi-contftictance circle toward the point of reflection coefficient of 1 and phase of 1 80° (i. e. 
short-circuited state) by the action of the shunt inductor Lp. At this time, the smaller the Lp> the closer it is to the short- 
circuited state, and therefore it reaches point A when the lp is small, or point A' when the Lp is large. On the other hand, 
by the series capacitor Cs, it rotates counterclockwise on an equi -resistance circle, and reaches point B when the Lp is 

45 small, or point B' when the Lp Is large. This point is the reflection coefficient at the input terminal 8. 

[0041] As dearly shown in Rg. 6, the reflection coefficient is dose to the drcumference of the polar coordinate 
chart when the inductive component Lp is smaller due to the parallel-branch wiring pattern 1 0, so that a large reflection 
coeffident is obtained. Therefore, by shortening the length of the parallel-branch wiring pattern 10 and decreasing the 
shunt inductance Lp, the reflection coeffident outside of the pass-band can be increased. In the constitution of the SAW 

so filter of the embodiment shown in Rg. 1 , the length from the parallel-branch wiring pattern 7a to 7c is minimized, and 
therefore in spite of the serial-branch input type, the reflection coeffident of 0.9 or more is obtained in the transmitting 
band. 

[0042] The antenna duplexer using the SAW filter of the enrtodiment is described below. Rg. 7 is a block diagram 
of the antenna duplexer using the SAW fitter of the embodiment In Rg. 7, reference numeral 1 3 is a transmitting termi- 
55 nal, 14 is an antenna terminal, 15 is a receiving terminal, 16 is a transmitting fflter, 17 is a receiving fitter, and 18 is a 
phase shifter. 

[0043] The transmitting fitter 1 6 is a fitter placed between the transmitting terminal 13 and antenna terminal 14. and 
has a function of passing the transmitting frequency ft and rejecting the receiving frequency fr, but it is not directly 
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related with the emboclment and detailed description is omitted. The receiving filter 17 is a filter placed between the 
antenna terminal 14 and receiving terminal 15, and has a function of passing the receiving frequency fr and rejecting 
the transmitting frequency ft, and the SAW filter of the embodiment is used at this position. 
[0044] In the case of AMPS or Global Standard for Mobile Communication (hereinafter called GSM), since the 
transmitting frequency ft is lower than the receiving frequency fr, a transmitting power of about 1 W in usual cases or 
about 2 W in an instantaneous case will be applied at the input side of the receiving f flter 1 7 in the rejection band in the 
lower outside of receiving band in the case of AMPS, or a burst wave with 1/8 duty ratio for 4.64 ms and a transmitting 
power of about 2 W in usual cases or about 4 W in an instantaneous case will be applied at the irput side in the rejection 
band in the lower outside of receiving band in the case of GSM. 

[00451 Therefore, the receiving f Ster 17 is required to have a withstanding power characteristic enough to withstand 
the transmitting power applied in the rejection band in the lower outside of receiving band, and also to reflect the applied 
transmitting power without absorption (that is, with a large reflection coefficient). Since the SAW filter of the embodiment 
is of serial-branch input type, it has a high in the withstanding power characteristic, and the reflection coefficient in the 
rejection band in the lower outside of receiving band of 0.9 or more is assured as stated above, and it is a filter ideal for 
this application. 

[0046] Herein, the excellent withstanding power characteristic of this serial-branch input type in the rejection band 
in the lower outside of receiving band is explained by referring to the basic L-circuit shown in Fig. 5. As shown in the 
equivalent circuit in the rejection band in the lower outside of receiving band in Fig. 5, in this band, the parallel-branch 
SAW resonator 1 1 is in series-resonating state, and hence it is nearly in short-circuited state. Therefore, in the case of 
parallel-branch input type, the applied power is directly applied there, and an excess current flows, and the comb- 
shaped electrodes composing the resonator may cause migration and deteriorate in characteristics. 
[0047] By contrast, in the serial-branch input type, the serial-branch SAW resonator 9 of the first stage functions as 
a capacitive impedance component, and reflects part of the input power, thereby preventing excess current from flowing 
into the parallel-branch SAW resonator 1 1 , and therefore the comb-shaped electrodes may maintain stable character- 
istics without causing migration. 

[0048] The phase shifter 1 8 is intended to heighten the impedance Zr as seeing the receiving side from the antenna 
terminal 14. In the receiving filter 1 7 using the SAW filter of the embodiment as mentioned above, the reflection coeffi- 
cient as seen from the input side in the rejection band in the lower outside of receiving band is present on point B of the 
polar coordinate chart in Fig. 8. ItsrwwsthaimeinputinpedanceZf in this band is capacitiva 
[0049] To obtain a high impedance, the phase must be rotated to point C dose to reflection coefficient of 1 and 
phase of0°(i. e. open-circuited state) by the phase shifter. The phase rotating method is either clockwise rotation (lag- 
ging phase) as indicated by a broken curve in Fig. 8. and or counterclockwise rotation (leading phase) as indicated by 
a solid curve in Fxj. 8. The lagging phase rotating circuit is a tow-pass fitter type, and the leading phase rotating circuit 
is a high-pass filter type, and the number of elements required is three when the rotating phase is less than 180. and 
five when 180° or more. Therefore in the capacitive input impedance of the present case, only three elements are 
required when rotating in the leading phase side by using the phase shifter of the high-pass filter type. 
[0050] Owing to this reason, in the present embodiment, the three-dement high-pass filter type phase shifter 1 8 of 
shunt inductor and series capacitance is used in the receiving filter 1 7 of serial-branch input type. Since the nurrfcerof 
elements of the phase shifter 18 is small, the antenna duplexer of small size and low cost is realized, furthermore since 
the signal loss due to elements is reduced, the insertion loss is also small. 

[0051] fan this constitution, the isolation between transmitting terminal and receiving terminal of the antenna 
duplexer is 45 dB or more, and an excellent withstanding power chararterisfic is ob^ 
acteristics does not occur If a transmitting power of 1 watt is applied for 10,000 hours. 

[0052] In the embodiment the number of elements of the ladder-type SAW filter is six, but the number of elements 
is not limited. The attenuation characteristic is steeper when the number of elements is greater, and the insertion loss 
is smaller when the number of elements is smaller, and therefore the number may be determined on the basis of the 
required performance. The effects of the invention, that is. the high reflection coefficient in off-band and withstanding 
power characteristic are exhibited regardless of the number of elements. 

[0053] In the embodiment, the phase shifter 18 is composed as a n -type high-pass f flter. but same effects are 
obtained in other constitution of T-type high-pass filter. 

(Exemplary Embodiment 2) 

[0054] A second embodiment of the invention is described below while referring to the drawings. Fig. 9 to Fig. 1 1 
are structural diagrams showing the SAW filter of the embodiment, and Fig. 12 and Fig. 13 show comparative examples. 
In the diagrams, reference numeral 21 is a piezoelectric substrate, 22 is an irput terminal, 23 is an output terminal, 24a 
to 24c are first to third serial-branch SAW resonators, 25a to 25c are first to third parallel-branch SAW resonators. 26a 
to 26c are first to third serial-branch wiring patterns, and 27a to 27c are first to third parallel-branch wiring patterns. 
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[0055] The first serial-branch SAW resonator 24a in Fig. 9 to Fig. 1 2 is provided in the first stage at input side, and 
the first serial-branch SAW resonator 24a in Fig. 9 and Fig. 1 1 has two SAW resonators 24a-1 and 24a-2 connected in 
series. These two SAW resonators 24a-1 and 24a-2 are divided in order to realize the characteristic of the first serial- 
branch SAW resonator 24a in Fig. 12 and Fig. 13 by connecting the two SAW resonators 24a-1 and 24a-2 in series, 
5 and in the embodiment the SAW resonators 24a-1 and 24a-2 are composed of the identical resonators. At this time, 
since two stages are connected in series, the capacitance of one resonator must be doubled in order to maintain the 
original characteristic, and the capacitance is increased by doubling the number of electrode pairs in Interdigital Trans- 
ducer(hereinafter called IDT). 

[0056] The second serial-branch SAW resonator 24b in Fig. 9 has two SAW resonators 241-1 and 24b-2 connected 
io in series, and they are divided in order to realize the characteristic of the second serial-branch SAW resonator 24b in 
Fig. 10 to Fig. 13 by connecting the two SAW resonators 24b-1 and 24b-2 in series, and in the embodiment the SAW 
resodators 24b-1 and 24b-2 are composed of the identical resonators. At this time, since two stages are connected in 
series, the capacitance of one resonator must be doubled in order to maintain the original characteristic, and the capac- 
itance is increased by doubling the number of electrode pairs in IDT. 
is [0057] In other SAW resonators in Fig. 9 to Fig. 13. SAW resonators of same reference numeral are composed of 
identical SAW resonators. In Fig. 10, a meander pattern 28 is provided in part of the first serial-branch wiring pattern 
26a as a signal path for connecting the first parallel-branch SAW resonator 25a disposed at the position closest to the 
input side with the first and second serial-branch SAW resonators 24a, 24b, and it is connected to the ground electrode 
with high impedance. 

20 [0058] In the embodiment, as the piezoelectric substrate 21 , a 36° Ycut lithium tantalate substrate is used, and Al- 
1 wt.% Cu alloy is used as the electrode material. The invention is not limited to the materials of this embodiment alone, 
but the piezoelectric substrate 21 may be made of a 39° Y-cut lithium tantalate substrate, or the electrodes may be 
formed by alternately accumulating titanium and aluminum in order to enhance the withstanding power characteristics, 
or formed by alternately accumulating titanium and Al-Cu alloy or formed by alternately accumulating titanium and Al- 

25 Sc-Cu alloy, and the same effects as in the embodiment are obtained. 

[0059] In Fig. 9 to Fig. 1 2, the circuit configuration of this SAW filter is a serial-branch input type starting from a first 
serial-branch SAW resonator 24a at the side of input terminal 22. First to third serial-branch wiring patterns 26a to 26c 
are arranged zigzag to connect the first to third serial-branch SAW resonators 24a to 24c sequentially, and are bent at 
the connection points with first to third parallel-branch wiring patterns 27a to 27c. 

30 [0060] As a result of this constitution, the first to third parallel-branch wiring patterns 27a to 27c are linear, and their 
length is shorter than the length of the first to third serial-branch wiring patterns 26a to 26c, respectively. Moreover, in 
such layout, the first to third serial-branch SAW resonators 24a to 24c and first to third parallel-branch SAW resonators 
25a to 25c are placed on the piezoelectric substrate 1 with decreased vacant areas in Fig. 9 to Fig. 1 1 , and therefore 
the chip size is same as in the prior art. 

as [0061] In these SAW filters of Fig. 9 to Fig. 13, continuous waves of 849 MHz (upper limit frequency of the transmit- 
ting band) were applied for 100 hours at a power of 31 dBm, and the withstanding power irput test was conducted. In 
the SAW titers of Fig. 9 to Fig. 1 2, moreover, the intermittent high power input test was conducted by applying power 
ranging from 31 dBm to 38 dBm at 0.5 dBm increments for 3 minutes each at interval of two minutes in a total of five 
times. 

40 [0062] Test results and modes of deterioration of resonators in the event of deterioration of electrodes are shown 
in Table 1. 



Table 1 



45 




Fig. 9 


Fig. 10 


Fig. 11 


Fig. 12 


Fig. 13 




Withstanding 
power input test 
31dBm, 100h 


Not deteriorated 


Not deteriorated 


Not deteriorated 


Not deteriorated 


4h (25a: migra- 
tion) 


50 


Intermittent high 
power input test 


Not deteriorated 


Not deteriorated 


38dBm (24b: dis- 
charge) 


36dBm (24a: dis- 
charge) 






Note: ( ) shows the deteriorated SAW 


resonator and mode of deterioration. 







55 [0063] In the f flter in Fig. 1 3 in which deterioration of filter characteristic was observed in 4 hours after start of test, 
the electrode surface was observed after the test and protuberant 

side surface of the cx>mb-shaped electrodes of the first parallel-branch SAW resonator 25a, which was found to be due 
to migration of aluminum atoms usually known as the cause of deterioration of electrode. In the filters of Fig. 9 to Fig. 
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1 2, the electrode surfaces were observed after the test, but hillocks were not observed, ft was found from the results of 
the withstanding power input test in Table 1 that the serial-branch input type SAW filter has a high withstanding power 
characteristic. 

[0064] It may be explained as follows. In the case of the ladder type SAW fBter, in the rejection band in the lower 
outside of receiving band, the parallel-branch SAW resonator has a series resonance, and it is nearly in a short- 
circuited state. Therefore, in the SAW filter of parallel-branch input type as shown in Fig. 13, the electric power applied 
in the rejection band in the lower outside of receiving band is directly applied to the first parallel-branch SAW resonator 
25a of the first stage, and the comb-shaped electrodes composing the resonator may cause the migration and deterio- 
rate in characteristics. 

[0065] However, in the case of serial-branch input type SAW f Iter as shown in Fig. 9 to Fig. 1 2, at the rejection band 
in the lower outside of receiving band, the first serial-branch SAW resonator 24a in the first stage function as a capac- 
itive impedance component, and reflects part of the input electric power, thereby preventing excess current from flowing 
into the first parallel-branch SAW resonator 25a disposed at the position closest to the irput terminal of the parallel- 
branch SAW resonator. For the input of the same electric power, the serial-branch input type SAW filter has a higher 
withstanding power characteristic as compared with the parallel-branch input type SAW f iter. 
[0066] It is also known from Table 1 that the filters of Fig. 9 and Fig. 1 0 are not particularly changed if signals of high 
power are applied instantaneously, while the filters of Fig. 1 1 and Fig. 12 are deteriorated in the SAW resonators due 
to discharge at a power of 38 dBm and 36 dBm, respectively. This is because it is a serial-branch input type and a large 
rf voltage is applied to the comb-shaped electrodes of the first serial-branch SAW resonator 24a in the first stage func- 
tioning as a capacitive impedance component against the electric power applied in the rejection band in the lower out- 
side of receiving band, and therefore exceeding a certain voltage, cfischarge occurs in some corrb-shaped electrode in 
the serial-branch SAW resonator, and the large rf voltage is applied to the entire piece of the first serial-branch SAW 
resonator 24a of the first stage, and this discharge triggers to induce deterioration of the entire SAW resonator due to 
discharge. 

[0067] Incidentally, discharge between comb-shaped electrodes which triggers to discharge the entire SAW reso- 
nator is also considered to cause electrostatic damage by pyroeiectric charge due to the heat generated by activating 
the SAW resonators. In particular, when an electric power is applied in the rejection band in the lower outside of receiv- 
ing band, the heat generation by activation of the SAW resonators is large in the first parallel-branch SAW resonator 
25a closest to the input terminal of the parallel-branch resonators, and pyroeiectric charge may be generated. Still 
more, in the case of the ladder-type SAW filter, generally, the parallel-branch resonator is lower in resonance frequency 
than the serial-branch resonator, and the distance between an electrode and its adjacent electrode of the comb-shaped 
electrodes is wider, and the capacitance of one resonator is also larger. 

[0068] In the case of serial-branch input type, moreover, any portion connected to the first serial-branch wiring pat- 
tern 26a is not rounded for DC. Accordingly, cfischarge between comb-shaped electrodes due to pyroeiectric charge is 
likely to occur in the first serial-branch SAW resonator 24a connected to the first parallel-branch SAW resonator 25a 
closest to the input terminal of the parallel-branch resonators, rather than the first parallel-branch SAW resonator 25a 
closest to the input terminal of the parallel-branch resonators. 

[0069] Deterioration of SAW resonators due to discharge largely depends on the arrfXitude of rf voltage applied 
between comt>*haped electrodes and pyroeiectric charge generated by heat generation by passing of large input 
power, and hence the filter in Fig. 12 deteriorates due to discharge at 36 dBm in the first serial-branch SAW resonator 
24a in the first stage at input side where a large rf voltage is applied, and in the filter of Rg. 9 erf wKc^ 
SAW resonator 24a in the first stage at the input side is composed of cascaded two-stage SAW resonators 24a- 1 and 
24a-2, the rf voltage applied to one resonator is 1/2 that of before dvision by cascading, and therefore discharge was 
not caused by the input power of 36 dBm. 

[0070] However, in the filter of Fig. 1 1 . at input power of 38 dBm, deterioration due to discharge is observed in the 
second serial-branch SAW resonator 24b at the output side out of the serial-branch resonators connected to the frst 
parallel-branch SAW resonator 25a closest to the input terminal of the parallel-branch resonators. This is considered 
because the second serial-branch SAW resonator 24b is composed of cascaded two stage SAW resonators 24b- 1 and 
24t>-2 similar to the first serial-branch SAW resonator 24a as in the f Iter of Fig. 9, and it is irrproved by reducing the rf 
voltage to about 1/2. so that discharge is not caused by input power of 38 dBm as shown in Table 1. 
[0071] As in the case of the filter of Fig. 10, as the meander pattern 28 is formed in part of the first serial-branch 
wiring pattern 26a as the signal path connecting the first parallel-branch SAW resonator 25a disposed at the position 
closest to the input side and the first and second serial-branch SAW resonators 24a, 24b, it can be connected to the 
round electrode with high impedance, and only the pyroeiectric charge can be released to the ground without loss of rf 
signals, so that generation of discharge can be suppressed even at the input of large power of 38 dBm. 
[0072] In the embedment, the first and second serial-branch SAW resonators 24a, 24b are respectively divided into 
two stages, that is, identical SAW resonators 24a-1 , 24a-2, and identical SAW resonators 24b-1 , 24b-2, but the nurrfcer 
of stages is not limited to two, or the resonators are not required to be identical mutually, and the number of stages and 
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setting of resonators may be property determined so as not to cause discharge depending on the amplitude of the input 
rf power. In the filter in Fig. 10. a high impedance line is realized in the meander pattern 28, but not limited to this, it may 
be constituted so that the first serial-branch wiring pattern 26a may be connected to the ground electrode with high 
impedance. 

5 [0073] Although the input power which exceeds a specific power may cause discharge at the parallel-branch SAW 
resonator closest to the input side due to the increase of the capacitance in the case of cascaded multi-stage constitu- 
tion of the serial-branch SAW resonators as in this embodiment the input power for generating discharge can be 
heightened on the whole by composing the parallel-branch SAW resonators in a cascaded multi-stage similarly to the 
serial-branch SAW resonator, so that the withstanding power characteristic can be enhanced. 

w 

(Exemplary Embodiment 3) 

[0074] A third embodiment of the invention is described below while referring to the drawings. Fig. 1 4 is a structural 
diagram showing the SAW filter of the embodiment, and SAW filters shown in Fig. 9 and Fig. 1 5 are used as corrpara- 
15 tive examples. All f iters are band-pass filters with the pass-band ranging from 869 MHz to 894 MHz (marker M1 to M2), 
and set as receiving filters conforming to the AMPS of the Unrted States mobile teleph^ 

[007?] In the diagrams, reference numeral 21 is a piezoelectric substrate, 22 is an input terminal, 23 is an output 
terminal, 24a to 24c are first to third serial-branch SAW resonators. 25a to 25c are first to third parallel-branch SAW res- 
onators. 26a to 26c are first to third serial-branch wiring patterns, and 27a to 27c are first to third parallel-branch wiring 
20 patterns. The SAW resonators shown in Fig. 14 and Fig. 1 5 are composed of identical SAW resonators in the SAW res- 
onators having same reference numerals as in Fig. 9, and the piezoelectric substrate 21 is composed of a 36° Y-cut lith- 
ium tantalate substrate, and AM wt%Cu alloy is used as the electrode material. 

[0076] The invention is not limited to the materials of this embodiment alone, but the piezoelectric substrate 21 may 
be made of a 39° Y-cut lithium tantalate substrate, or the electrodes may be formed by alternately accumulating titanium 
25 and aluminum in order to enhance the withstanding power characteristics, or formed by alternately accumulating tita- 
nium and Al-Cu alloy or formed by alternately accumulating titanium and Al-Sc-Cu alloy, and the same effects as in the 
embodiment are obtained. 

[0077] In the diagrams, the circuit configuration of any SAW filter is a serial-branch input type starting from a first 
serial-branch SAW resonator 24a at the side of input terminal 22. However, in the SAW filters in Fig. 14 and Fig. 9, first 
30 to third serial-branch wiring patterns 26a to 26c are arranged zigzag to connect the first to third serial-branch SAW res- 
onators 24a to 24c sequentially, and are bent at the connection points with first to third parallel-branch wiring patterns 
27a to 27a 

[0078] In the embodiment the first to third serial-branch wiring patterns 26a to 26c and the first to third parallel- 
branch wiring patterns 27a to 27c are constituted so that the width of wiring may be always constant In Fig. 14, more- 
35 over, wiring corners 29a to 29c in the first to third serial-branch wiring patterns 26a to 26c are bent In this bent trans- 
formation, the length of bending portion is 1 .6W as shown in Fig. 16, where W is the width of wiring patterns. 
[0079] The minimum value and maximum value of insertion loss of the fitters in Fig. 14. Fig. 9 and Fig. 15 are shown 
in Table 2. 

40 

Table 2 





Fig. 14 


Fig. 9 


Fig. 15 


Insertion loss (min.) 


1.9dB 


2.1dB 


1.8dB 


Insertion loss (max.) 


3.2dB 


3.5dB 


3.2dB 



[0080] It is known from Table 2 that in the filter of Fig. 9. the first to third serial-branch wiring patterns 26a to 26c are 
wiring zigzag so as to connect the first to third serial-branch SAW resonators 24a to 24c sequentially, and are bent at 
so the connection points with the parallel-branch wiring patterns 27a to 27c, and therefore the insertion loss is poor as 
compared with the SAW filter in Fig. 15. but it can be improved by bend transformation as shown in the filter of Fig. 1 4. 
[0081] In the embodiment, the width W of the wiring pattern is constant, but it is not always required, and the length 
of bending portion is 1 .6W P but it is not always required, and anyway the bend transformation may be processed so that 
the insertion loss may be smaller at the corners of the wiring patterns. 

55 

Industrial Applicability 

[0082] As described herein, the invention brings about a ladder-type SAW filter composed by connecting alternately 
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a serial branch having at least one SAW resonator connected in series to a signal path, and a parallel branch having at 
least one SAW resonator connected between the signal path and the ground, in which the sizes of wiring patterns of 
the parallel branch are smaller than wiring patterns of the serial branch, and therefore even in the case of the serial- 
branch input type, a large reflection coefficient is assured in the rejection band, thereby realizing a SAW filter with a high 
withstanding power characteristic and a sufficient isolation between the transmitting terminal and receiving terminal, an 
antenna duplexer using the same, and a mobile communication terminal using the same. 

List of Reference Symbols 

[0083] 

1 . 21 Piezoelectric sii)strate 

2. 22 Input terminal 

3. 23 Output terminal 

4a-4c, 24a-24c First to third serial-branch SAW resonators 
5a-5c 25a-25c First to third parallel-branch SAW resonators 
6a-6c 26a-26c First to third serial-branch wiring patterns 
7a-7c, 27a-27c First to third parallel-branch wiring patterns 

Claims 

1 . A Surface Acoustic Wave (SAW) f iter, having an input terminal, a SAW resonator and a signal path, and formed on 
a substrate, said SAW filter comprising: 

a plurality of serial-branches of which each serial-branch having a SAW resonator connected in series to a sig- 
nal path with a wiring pattern, and 

a plurality of parallel-branches of which each parallel-branch having a SAW resonator connected between the 
signal path and a ground with a wiring pattern, and connected with each serial branch of said plurality of serial- 
branches alternately; 

wherein the size of all wiring pattern of each parallel-branch are smaller than the size of wiring pattern 
of each serial-branch. 

2. The SAW filter of claim 1 , wherein the wiring pattern of said parallel-branch is linear-shaped, and the wiring pattern 
of said serial-branch is bent at the connecting portion with the wiring pattern of said parallel-branch. 

3. The SAW filter of claim 1 , wherein the SAW resonator of the serial-branch and the SAW resonator of the parallel- 
branch are alternately arranged both in a first area and a second area of the substrate, and the second area is other 
area than the first area of the substrate, and 

each SAW resonator of the serial-branch in the first area and each SAW resonator of the serial-branch in the 
second area are connected alternately and sequentially. 

4. The SAW filter of claim 1 , wherein said input terminal is connected with the serial branch disposed at the closest 
position to said input terminal. 

5. The SAW filter of claim 1 , wherein said input terminal is connected to the first serial branch disposed at the closest 
position to said input terminal, and 

said first serial-branch has a plurality of SAW resonators. 

6- The SAW filter of claim 1 , wherein said input terminal is connected to the first serial branch disposed at the closest 
position to said input terminal, 

said first serial-branch has a plurality of SAW resonators, and 

the second serial branch connected next to said first serial-branch has a plurality of SAW resonators. 

7. The SAW filter of claim 1 , wherein said input terminal is connected to the fist serial-branch disposed at the closest 
position to said input terminal, and 
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a signal path connecting the SAW resonator of said first serial-branch with the SAW resonator of the parallel- 
branch is grounded with high impedance. 

8. The SAW filter of claim 2, wherein a bend transformation is made in the wiring pattern. 

9. An antenna duplexer having the SAW filter of claim 1 placed between an antenna terminal and a receiving terminal. 

1 0. The antenna duplexer of claim 9, wherein a phase shifter of high-pass fitter type is placed between the antenna ter- 
minal and a receiving filter. 

11. The antenna duplexer of claim 10, wherein the phase shifter is formed of a it-circuit composed of series capaci- 
tance and shunt inductance. 

12. The antenna diplexer of claim 10, wherein the phase shifter is formed of a T-circuit composed of series capaci- 
tance and shunt inductance. 

13. A mobile communication terminal using the antenna duplexer of claim 9. 
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FIG. 2 
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FIG. 4 




Frequency 
Start 800MHz 
Stop 950MHz 



14 



EP1030448A1 




15 



EP 1030 448 A1 



FIG. 6 



IN case of large Lp 
IN case of small Lp 
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FIG. 8 
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